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Factors discriminating men with coronary heart
disease from healthy controls

Susan G. Cotton,' Janice M. Nixon, R. G. Carpenter, and D. W. Evans
From the Medical Statistics Section, Department of Human Ecology,
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In our study, 9I men, under 65 years of age, with clinically overt coronary heart disease were
compared with 98 healthy men in respect of fasting plasma cholesterol, triglyceride and other
lipid moieties, relevant past andfamily history, smoking habits, a ponderal index, blood pressure,
and prevalence of corneal arcus, xanthomata, and baldness. Some dietary aspects were also
taken into account.

The analysis showed that the main discriminators were diastolic blood pressure, arcus, baldness,
xanthelasma, a family history of hypertension, past smoking habits, and hyperlipidaemia. Of
these factors, diastolic hypertension emerges as much the most important.

Previous studies, and in particular those car-
ried out in the U.S.A., have shown higher
average serum or plasma cholesterol values in
men with overt coronary heart disease than in
control groups (Steiner and Domanski, 1943;
Lawry et al., I957; Doyle et al., I957; Keys,
I967). The differences have usually been
greatest at the younger ages. Some, however,
have suggested better discrimination on the
basis of serum or plasma triglyceride values
(Albrink, Meigs, and Man, I96I; Hayes and
Neill, I964; Schilling, Becker, and Christakis,
I966) or some combination of the cholesterol
and triglyceride figures (Butkus et al., I966;
Rifkind, Lawson, and Gale, 1968).

Interest in the possibility of reducing the
incidence of coronary heart disease by dietary
modification (Page and Stamler, I968; Dayton
et al., I969) or other means of correcting
hyperlipidaemia led us to seek evidence of this
disorder in local patient and control popula-
tions. We therefore measured the fasting
levels of various lipid moieties in the plasma
ofmen under 65 years of age with overt coron-
ary heart disease and compared them with
these levels in a population of healthy men.
We were also interested to compare the groups
in respect ofother relevant characteristics such
as systolic and diastolic hypertension, past and
present smoking habits, arcus senilis, bald-
ness, body weight, and a history of gout. De-
tailed analysis of these data was undertaken
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with a view to identifying combinations of
characteristics which might best describe the
coronary heart disease subject.

Populations studied
The patients were men aged 35-64 years at the
time of the study. Their names were obtained
from the Addenbrooke's Hospital register of cases
of acute myocardial infarction admitted under the
care of two consultant physicians. Perusal of their
records showed that all had suffered ischaemic
cardiac pain, persisting for more than half an hour
while at rest, between 4 months and IO years be-
fore this study. In all but 3 cases there was good
supportive evidence (electrocardiographic and en-
zyme changes) of myocardial infarction; for these
3 exceptions the electrocardiographic changes
were minimal and non-specific and no abnormal
SGOT value was recorded. Where there was evi-
dence, in the records, of associated diabetes,
nephrosis, or other disease known to affect plasma
lipid levels, or where the patients were known to
be taking oestrogens, corticosteroids, or anti-
thyroid drugs, they were excluded from further
consideration.

Permission to approach the remaining 148
patients was sought from their medical advisers
and was refused in i6 cases - usually because of
personality disorder or because of travelling diffi-
culties. In another 17 instances the patients had
moved away and ii others had died since their
last attendance at hospital. The remaining I04
patients were asked to attend for outpatient
examination and withdrawal of a blood specimen
after a 14-hour fast. Four declined to attend. Of
the IOO patients ultimately seen, 9 had received
some definite drug or dietary hypolipidaemic
therapy and this was noted.
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The control population was drawn from two panels
of the Regional Blood Transfusion Service regis-
ter of male donors under age 65 years. It was pos-
sible to select only the older donors from the
second panel so that the ages of the control sub-
jects roughly matched those of the patients, but
there was no way of telling in advance of the inter-
view to which social class the donor belonged. In
response to letters explaining the nature and
purpose of the investigation, I25 donors volun-

A teered for interview and testing. Of these, 3 gave
a history of angina and one of intermittent claudi-
cation; these, and one who proved to be frankly
myxoedematous, were excluded from the study.
Of the remaining I20 donors, data from 22 aged
less than 35 years were excluded from the analysis

^ as there were no patients of comparable age. The
utilized control group thus numbered 98.

Methods
Clinical assessment Data obtained included
social class (from the General Register Office
Classification of Occupations), tea and coffee con-

* sumption (as an index of caffeine intake), egg
consumption, personal past history of diabetes,
hypertension, renal or biliary disease or gout,
family history of diabetes, coronary thrombosis
and sudden death, stroke, hypertension or hyper-
lipidaemia, details of any personal history of
angina or intermittent claudication. Past and pre-
sent smoking habits were recorded and converted
to equivalent cigarettes per day as described by
Fairbairn, Wood, and Fletcher (I959). For the
patients only, a limited dietary history was also
obtained and analysed, an attempt being made to
determine any change in their dietary habits since
the coronary attack.

Height (without shoes) and weight (in trousers
and underclothes) were recorded for each subject.
For the patients, their first weight in hospital
during the coronary episode was also noted so

s that any subsequent weight change could be
estimated. Blood pressure was measured sphyg-

; momanometrically by the same observer in every
case, the subject lying supine and having rested
thus for about 5 minutes before the readings were
taken. A search was made for xanthelasma, tendon
and cutaneous xanthomata. Presence or absence
of corneal arcus was also noted; where present this
was graded I to 3 on the basis of less than a semi-
circle, more than a semicircle but less than a com-
plete ring, and a complete ring, respectively. Any
degree of baldness was graded I to 3 according
to its appearance as receding frontal hairline, a
vertical bald area, or total or subtotal hair loss (i.e.
side tufts, only, remaining). All the patients, but
not the control subjects, underwent full clinical
examination of their cardiovascular and respira-
tory systems and of other systems if symptoms
warranted. At the conclusion of the examination
and documentation, and having checked that the
14-hour fast had been observed, 20 ml venous

blood was taken from each subject (patients and
controls). This sample was divided into two por-

tions, one being setit in a sequestrene container

for plasma cholesterol and triglyceride estimation
and the other being anticoagulated with heparin
before lipoprotein, phospholipid, and free fatty
acid assay.

Laboratory methods Plasma cholesterol was
measured by an autoanalyser technique based on
the reagent ofHuang et al. (I96I). Values obtained
by this technique averaged 6-5 mg per dl lower
than the values obtained by the same laboratory's
non-automated method (Jamieson, I964) used
hitherto. The mean plasma cholesterol by the
automated technique in a population of 97 healthy
men aged 17-24 years studied in February I970
was i65 mg per dl (SD 24 mg per dl).
Plasma triglyceride was also measured by auto-

analyser, the method being basically that of
Lofland (I964). Because of the requirement for
samples from fasting subjects, a 'normal range'
has not yet been determined by this technique.

Total phospholipid was measured by assaying
lipid phosphorus according to the method of
Allen (I940) after methanol-chloroform extraction
from plasma (Folch, Lees, and Sloane-Stanley,
1957). Free fatty acid concentration was measured
by Dole's (1956) extraction method.

Separation of lipoproteins was by electro-
phoresis on cellulose acetate using Sephraphor III
strips (Gelman Instrument Co., U.S.A.) in
o-oo238 M Gelman High Resolution buffer, pH
8-8. Runs were made at room temperature for 85
minutes at 325 V with a current of I.4 mA per
strip. The strips were stained according to the
ozone-Schiff's method of Kohn (I96I) and exam-
ined by reflected light in a Chromoscan (Joyce
Loebl Instruments, England). The lipoprotein
concentrations were then determined according
to the method of Magnani and Howard (I97I)
and expressed in terms of their preparative ultra-
centrifuge fractionation equivalents, i.e. as 'high-
density lipoprotein' (HDL), 'low-density lipo-
protein' (LDL), and 'very-low-density lipo-
protein' (VLDL).

Data processing The clinical and biochemical
data were transferred to punched cards for com-
puter analysis. In doing so, for patients known to
be receiving hypotensive therapy at the time of
the survey examination (I3 cases), pretreatment
blood pressure readings were obtained from hos-
pital records and used throughout the analysis.
This step was considered desirable, and justifiable
in so far as the technique of blood pressure mea-
surement was essentially unchanged. It was not
possible similarly to substitute serum cholesterol
levels obtained before beginning hypolipidaemic
therapy in the 9 patients on such treatment, be-
cause the method for cholesterol assay used during
the survey was substantially different from that
used previously, and plasma levels taken within
a few weeks of acute myocardial infarction are
not necessarily representative of subsequent stable
levels (Cotton, 1970). Accordingly, data from
these 9 subjects were excluded from the analysis.
The effects of these exclusions were investigated.
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Three derived variables were added:
i) HDL/LDL ratio.

Weight2ii) A ponderal index = Heighht2X 100.

This formula was preferred because it is un-
correlated with height (Khosla and Lowe, I967).
Ponderal index was calculated for all subjects
using their present weight and for the patients
only using their past weight also.

iii) 'Hyperlipidaemia' was arbitrarily scored as
follows.

Hyperlipidaemia Cholesterol Triglyceride
score mg/dl mg/dl

0 <250 All values
I >250 <I40
2 >250 >I40

Results
Single variable analysis The results of
single variable analysis of qualitative variables
are shown in Table i and of quantitative and
graded variables in Table 2. Tables i and 2
show statistically significant differences be-
tween patients and controls on social class,
height, diastolic blood pressure, systolic blood
pressure, arcus, baldness, plasma cholesterol,
'hyperlipidaemia', previous smoking habits,
history of hypertension, and family history of
coronary disease. Other differences are not
significant.
The results obtained from the limited diet-

ary history did not reveal any significant
relation between fat consumption and plasma
lipids in the patient group.

Multivariate comparison Because the
variables may be correlated, discriminant
analysis was necessary to determine the essen-
tial differences between cases and controls.
This was done using a computer programme
BMDO2R (Dixon, I965), and it was necessary
to exclude a further 7 patients and 7 controls
because of incomplete biochemical data, thus
leaving 84 patients and 9i controls.
The composite variables HDL/LDL ratio

and ponderal index were excluded from this
analysis as they had shown no significant
difference between the patients and controls,
and it seemed unlikely that they would add
any information to that contained in the indi-
vidual variables of which they were composed.
Of the information collected under past his-
tory and family history, only a past history of
hypertension and a family history of hyper-
tension, stroke, and coronary disease were in-
cluded as likely to be relevant. The quantity
smoked now was also excluded as most of the
patients had been advised to reduce the
amount that they smoked.

TABLE I Results of single variable analysis
on qualitative variables

Present in Difference Significance
of(%) levelt

Patients Controls
(%) (%)

Smoking now 6i.5 54I 7T4 NS
Smoked past 96.7 85.7 11.0 **
Past history diabetes 0o0 oo
Past history hypertension I8-7 1I0 I7-7 *
Past history renal disease I2-I 6-i 6-o NS
Past history biliary disease 4-4 21I 2.3 NS
Past history gout 6-6 I-0 5-6 NS
Family history diabetes I3.2 I5.3 -2-I NS
Family history hypertension 15.4 19-4 -4-0 NS
Family history stroke 26-4 28-6 - 2-2 NS
Family history coronary disease 4I-8 26.5 I53 *
Family history hyperlipidaemia oo 0o0
Xanthelasma 3-3 0-0 3-3 NS

t Significance levels obtained by X2 tests are indicated as follows:
NS Not significant;

* O-OI <P<o-o5;
** o-ooI <Poo-0I;

P< 0*ooI .

Age and social class were treated as co-
variables so that patients and controls could
be regarded as comparable in this respect.
Methods for handling covariables in dis-
criminant analysis have been discussed by
Cochran and Bliss (1948).
The results of the analysis showed that the

main discriminators between the two groups
in descending order of observed importance
were diastolic blood pressure, presence of
arcus, degree of baldness, presence of xan-
thelasma, a family history of hypertension,
quantity smoked in the past, and plasma cho-
lesterol, triglyceride, and LDL. Xanthelasma
(the only form of xanthoma found) is signifi-
cant because the only three examples seen
were in patients. It was found desirable to
include weight (present) in the discriminant
function as this increased the effect of tri-
glyceride. The combined variable 'hyper-
lipidaemia' included the information con-
tained in the variables cholesterol and tri-
glyceride and could be used to replace them.
When this was done the effect of LDL, which
appeared to be linked to cholesterol and
triglyceride, was reduced to insignificance.
To make the discriminant coefficients com-

parable, we have used standardized variables,
i.e. each variable divided by its standard
deviation, for presenting the results. The
coefficients of standardized variables for the
discriminant function are given with their
standard errors and significance levels in
Table 3.

Discriminant scores were obtained from
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i TABLE 2 Results of single variable analysis on quantitative variables

Means

Age (yr)
Social class
Quantity smoked now (g/day)

s Quantity smoked past (g/day)
Eggs eaten per week

z Caffeine consumption (cups/day)
Height (in)
Past weight (lb)
Present weight (lb)
Diastolic blood pressure
Systolic blood pressure
Arcus

^ Baldness
Cholesterol

* Triglyceride
Free fatty acid
Phospholipid
HDL
VLDL
LDL
Total lipoprotein

XHDL/LDL
Ponderal index using past weight

(lb/in2)
Ponderal index using present

weight (lb/in2)
'Hyperlipidaemia'

Patients Controls

54.I4 52.65
3-09 2-35
5-84 705

20-28 i6-o8

4-54 5-28

7T31 7-74
67.32 68-26
I65-31 I68.42t
I63-48 I68-42

93-24 8I128
I50-33 I34-o8

o-89 0-44
I-I0 o-69

269-87 252-20
I74.69 I52-23

452 87 480-17
240-57 234.26
27I-06 272-24
I47-I0 124.95
400-24 383-00
813-30 780-5I

0-71 0-74

3.66 3-6it

3.6I 3.6I
1-13 0-74

Pooled
standard
deviation

7-027
0-89I
8-982
I2-884
3-379
3-03I
2-693

2I-87I
20-48
13-26I
25.232
0939
0-784

40°993
87.230
I37-154

39.44'
74-937
124-37I
111358
241939

0-228

0-427

0-402
o0844

Difference
of means

I'49

O074
- 12I
4-20

-074
-043
-094
-3-II
-4-94
II-96
I6-25
0.45
0.41
I7.67
22-46

-27-30
6.31

22-15
I7.24
32-79
-003

0.05

0300
0.39

SE of
difference

I -023 NS
0-130 ***

I-308 NS
I-876 *

O-493 NS
0-441 NS
0-392 *

3-193 NS
2-972 NS
1930 ***

3-673 ***

0-137 *

O-II4 ***

5-968 **

I2-939 NS
20-203 NS
5-756 NS
11-204 NS
I8-594 NS
I6-649 NS
36-172 NS
0-034 NS

0o062 NS

0-059 NS
0-128 **

* The significance levels obtained from Student's t test are indicated as in Table I.

t The past weight of the controls was assumed to be the same as their present weight.

each subject's unstandardized measurements closely related to overt coronary heart disease
as follows than plasma lipid levels. Table 3 shows that
Score =- 6-386 x (Social Class' -2-71) the discriminant coefficient for diastolic blood

- I-264 x (Age in years -53*32) pressure measured in standardized units is
+ o-584 x Quantity Smoked Past (g/day) I8 97 ± 3-32 compared to 6 7 I ± 3 -2.I for the
-I9-II3 x Family History of Hyperten- combined variable 'hyperlipidaemia' in stan-

sion (o= No, I = Yes) dardized units, and the analysis showed the
+ 13i6 x Diastolic Blood Pressure (mm- latter variable to contain all the discriminating
Hg)

-0-228 x Weight (lb)
+ I2-736 x Arcus' TABLE 3 Coefficients with standard errors for
+ II 834 x Baldness' the discriminant function and standard
+ 63-523 x Xanthelasma (o = No, deviations used to standardize variables
I= Yes)

+ 7-767 x Hyperlipidaemial Variable SD for Discrin
-II2-696. standardization efficient

The first two terms relating to social class and
age adjust the score for differences between
the subjects in these variables. When studying
subjects of a given age and social class these Diastolic blood pressure I4-415
terms may be omitted. Arcus 0954

Fig. i shows histograms of these discrimin- Xanthelasma o030
eA ant scores for patients and controls. Family history hypertension 0-388

Quantity smoked past I2-562
Discussion Hyperlipidaemia o-864Weight 20-695
lne most mterestmg tinding, suggested by

the difference in the means shown in Table 2, * The significance levels are as defined for Table I.
is that diastolic blood pressure appears more The variables are assumed to be in standardized units

and the scale has been chosen so that the discriminant
1 The variables are classified as defined in the text. scores range from -I00 to + Ioo approximately.

minant co- Significance
it and SE of level*

standardized variable

Coefficients SE

I8-97 3-32 ***
I2-15 3 34
9-58 324 **
8.27 3-I8 **

-7-4I 3-I8 *
7.34 3-19 *
6.7I 3-21 *

- A-7 -TR NS

Significance
level*

:) Lo L 1% ly-1 ,5
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necessary. It was found that the coefficient of

PATIENTS diastolic blood pressure was still statistically
significantly larger than that of 'hyperlipi-
daemia' (o-oi < P < oo5), both variables being
measured in standardized units. The revised

n coefficients for those variables are i9ei8 ± 3O5
and 9-I4 ± 2-96, which may be compared with

tt11 n the previous values of i8-98 and 6-7I. Re-
gression coefficients of other variables are not
greatly altered. Thus we conclude that initial
exclusion of the 9 patients on hypolipidaemic

CONTROLS therapy probably led to some underestimation
of the importance of 'hyperlipidaemia', but
not so much as to warrant modifying our con-
clusions as to its importance in relation to
hypertension.

Fig. 2 shows the distributions of diastolic
El , blood pressure of patients and controls and
40 60 80 Fig. 3 shows the distributions of plasma chol-

Score esterol levels; the values contributed by the 9
,res of patients patients on hypolipidaemic therapy are indi-
multivariate cated by the shaded areas. The relative dis-

criminating power of blood pressure and

information in the plasma lipid levels exam-
ined. Taking the negative correlation between
the coefficients into account, the difference
between them is statistically significant,
O-OI < P < o os. This finding implies that for
any given level of plasma cholesterol and tri-
glyceride, a raised blood pressure is more
likely to be associated with coronary heart
disease than is a corresponding rise in lipid
levels when blood pressure is held constant.
Weight loss frequently occurs in patients

after myocardial infarction and could result
in reduction in cholesterol levels measured
subsequently. However, this factor is un-
likely to have been material to our findings
because there was a mean weight difference
of less than 2 lb between present and past
weights in this group of patients.
The effect of excluding patients on hypo-

lipidaemic therapy was investigated as fol-
lows. Pretreatment cholesterol levels were
used for these patients and the corresponding
triglyceride levels estimated from the re-
gression relation between these two variables
found from the rest of our data. We suspect
that the cholesterol levels, and hence both
levels, may have been inflated by the technical
methods in use at the time of these earlier
estimations. The regression relation was also
used to obtain triglyceride values for the 7
patients and 7 controls who had been excluded
from the multivariate analysis because of
missing data. The discriminant analysis was
then repeated using all the patients and con-
trols, substituting estimated lipid levels where

FIG. 2 The number of patients and controls
by diastolic blood pressure. Shaded areas are
current blood pressure values of patients on
hypolipidaemic therapy.

20

15-
a 15 - _ | i PATIENTS

10

5 -

20-

t15-CONTROLS

-10

5

0
60

Diastolic B. P. (mm Hg )



Discriminating factors in coronary heart disease 463

20 -

;051

5-

20

X15

64

10 300 360 A

Plasma Cholester

FIG. 3 The number of pat
by plasma cholesterol level.
pretreatment cholesterol val
hypolipidaemic therapy.

cholesterol (the principal
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In common with othei
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44 years). The same ten4
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Tandy (I966).
The dietary analysis re

i-between plasma cholesterc
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proportion of unsaturat
eggs, or carbohydrate. TI
with the results of a recent]

, inquiry (Framingham Stu
counter to pooled internati

a cluding data from larg
studies (Fejfar, 1970). Th
be explained by the poss
fat variation about a relati
take may exert comparatii
on the associated relati

~ cholesterol levels.
Our data showed corneal

discriminator between tl
disease patients and the i

second in importance only
which it proved independe
cipally so in the age grc

finding compatible with that ofRifkind (I965).
Unlike Rifkind, however, and in accordance
with the findings of Hickey, Maurer, and
Mulcahy (I970), we could not show any corre-
lation between presence or grade of arcus and

PATIENTS plasma cholesterol level. The mechanism of
this relation between arcus and coronary heart
disease is obscure. There are certainly racial
factors involved in its development (Cook and
Kanyerezi, I970) and there may well be

*.$ different types of arcus depending on the
nature of the circulating lipids and target-
organ sensitivity. However, the possibility re-
mains that the presence of arcus in young or

CONTROLS middle-aged Caucasian men may indicate the
earlier existence of raised plasma lipid levels
over a substantial period of time. Alterna-
tively, it may indicate the presence of in-
creased membrane permeability to lipids, or
subnormal clearance capability, which might
apply also to the arterial intima. In either case

A4O 480 540 660 there could be a link with the development of
coronary disease.

ol (mg /dl Rather surprisingly, baldness also proved a

tients and controls good discriminator between patients and con-
Shaded areas are trols. It showed no significant correlation with
Sues of patients on any other variable recorded. Past smoking

habits similarly discriminated between pa-
tients and controls, the percentage who
smoked and the amount smoked in the past

factor in 'hyper- being significantly greater in the patient
i from Fig. 2 and 3. group. There was no significant difference in
r investigators, we current smoking habits of the two groups and
:y towards hyper- this probably reflects the fact that some of the
unger patients (35- patients gave up smoking or reduced the
dency appeared to amount smoked after their coronary attacks.
density lipoprotein The relative unimportance of plasma chol-
Eman, Young, and esterol in discriminating between patients and

controls was an unexpected finding of this
wvealed no relation study. However, both populations were hyper-
Dl levels of patients cholesterolaemic by comparison with a group
Lmption of fat (or of normal, young, adult men studied with the
ted-fatty-acid fat), same technique, and by reference to world
his finding accords figures for normal serum or plasma chol-
ly published similar esterol (Reisel, I968). It is therefore arguable
ldy, 1970) but runs that both populations were at risk in regard to
ional experience in- their plasma lipid status, the degree of this
;e-scale population risk being not very dissimilar. Also, this risk
is discordance may may operate particularly in the long-term
;ibility that dietary sense and in respect of the cryptic stage of
ively high mean in- coronary disease. If this is so there are seen
vely little influence to be difficulties regarding the representative
ively high plasma value of solitary plasma cholesterol levels and

the unknown incidence of subclinical coronary
I arcus to be a useful disease in the two groups. Nevertheless,
he coronary heart hypertension has emerged as the dominant
control population, factor in the Framingham prospective study
to hypertension (of (I969) also and it may be concluded that
.nt). This was prin- raised blood pressure, perhaps acting over a
Mup 45-54 years, a shorter period than hypercholesterolaemia,
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has a greater influence in determining the on-
set of clinically overt coronary heart disease
than a rise of the plasma cholesterol above the
levels generally prevailing.
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